a universidade europeia, lisboa, portugal; b epiunit -instituto de saúde pública, universidade do porto, porto, portugal; c university of Minho, escola de psicologia, Braga, portugal ABSTRACT Background: Although the original characteristics of temperament tend to remain constant over the course of development, environmental circumstances may influence infants' reactions and behaviour. Parents' reports of infant temperament are rich informants of infant behaviours in different contexts. Objective: This study aimed to examine the psychometric properties of the Portuguese version of the Infant Behaviour Questionnaire -Revised (IBQ-R) and test the adequacy of the original and other previously published structures to the Portuguese data. Method: 330 mothers and 81 fathers of children aged between 3 and 12 months completed the Portuguese version of the IBQ-R.
A variety of methods were developed to measure temperament. Parental ratings and observation in laboratory or naturalistic environments have been used to measure infant temperament over time. Both methods have advantages and disadvantages. Observationbased methods reduce bias by relying on standardised procedures and using trained observers who are not influenced by a relationship with the child, but these methods are confined to the children's behaviour in a novel situation and in response to elicited tasks in a limited period of time (Bates & Bayles, 1984) . This can enhance in the children atypical behaviours that they do not usually express in response to everyday situations in familiar contexts. Moreover, it only catches infant behaviour at a given moment, and consequently it is confined to the infant state at that given moment (Strelau, 1983) . On the other hand, parents can observe the infant in naturalistic environment across a variety of daily situations (Rothbart & Goldsmith, 1985) . A debate on the validity of parental reports have emerged mainly because although some studies found significant association between parental temperament ratings and observational ratings (either naturalistic or laboratorial), others did not (Stifter, Willoughby, Towe-Goodman, & The Family Life Project Key Investigators, 2008) . So a critique to this method is the doubtable accuracy of parents as reporters of their children's temperament. The lack of accuracy may be due to social desirability or other circumstances such as parental emotional characteristics, including anxiety and depression or parental expectancies about their child (Goldsmith & Hewitt, 2003; Mebert, 1991; Seifer, Sameroff, Barrett, & Krafchuk, 1994; Vaughn, Taraldson, Crichton, & Egeland, 1981) . Several studies have emerged to understand parental characteristics associated with divergence between parental and observational methods. Early childhood experiences and depression (Forman et al., 2003; Leerkes & Crockenberg, 2003) are highly associated with low concordance between methods. Moreover, parents' personality, psychopathology, parental expectancies and stress are related to temperament ratings, indicating a possible alteration in the capacity of identifying and interpreting infant behaviours (Goldsmith & Hewitt, 2003; Mebert, 1991; Sameroff, Seifer, & Elias, 1982; Seifer et al., 1994; Vaughn et al., 1981) .
Although parent report measures do contain some subjective parental components, some studies have demonstrated that they also contain a substantial objective component that enables the accurate assessment of children's individual characteristics (Wachs & Bates, 2001) . Probably the problem of lack of agreement between parents and observers relies in that we are comparing the incomparable. Observers' and parents' measures are radically different so that observers are usually confined to an artificial situation in a limited period of time, whereas parents have access to the infant behaviour in an array of situations within familiar and unfamiliar environments to the child. Eventually, laboratory observations and parental reports serve different purposes. Perhaps parental reports of infant temperament may be more relevant to the understanding of child developmental outcomes, because parental perceptions of infant behaviour shape their own behaviour and interaction with the infant (Crockenberg & McCluskey, 1986) . Considering the importance of parent-infant interaction for infant development, the way parents (mis)interpret infants' cues may be a relevant issue for understanding child development outcomes.
In order to study infant temperament dimensions, Rothbart (1981) developed a questionnaire to be completed by parents: the Infant Behaviour Questionnaire (IBQ), later revised by Gartstein and Rothbart (2003; Infant Behaviour Questionnaire -Revised; IBQ-R) , to obtain a more differentiated measure. It assesses the following 14 dimensions of temperament:
(1) activity level (15 items): movement of arms and legs, squirming and locomotor activity;
(2) distress to limitations (16 items): baby's fussing, crying or showing distress while (a) in a confining place or position, (b) involved in caretaking activities, (c) unable to perform a desired action; (3) approach (12 items): rapid approach, excitement and positive anticipation of pleasing activities; (4) fear (16 items): the baby's startle or distress to sudden changes in stimulation, novel physical objects or social stimuli, inhibited approach to novelty; (5) duration of orienting (12 items): the baby's attention to and/or interaction with a single object for extended periods of time; (6) smiling and laughter (10 items): the child's smile or laughter in general caretaking and playing situations; (7) vocal reactivity (12 items): amount of vocalisation exhibited by the baby in daily activities; (8) sadness (14 items): general low mood; lowered mood and activity specifically related to personal suffering, physical state, object loss, or inability to perform a desired action; (9) perceptual sensitivity (12 items): amount of detection of slight, low-intensity stimuli from the external environment; (10) high-intensity pleasure (11 items): amount of pleasure or enjoyment related to high stimulus intensity, rate, complexity, novelty and incongruity; (11) low-intensity pleasure (13 items): amount of pleasure or enjoyment related to situations involving low stimulus intensity, rate, complexity, novelty and incongruity; (12) cuddliness (17 items): the baby's expression of enjoyment and shaping of the body to express desire of being held by a caregiver; (13) soothability (18 items): baby's reduction of fussing, crying, or distress when the caretaker uses soothing techniques; (14) falling reactivity/rate of recovery from distress (13 items): rate of recovery from peak distress, excitement, or general arousal, ease of falling asleep. Three dimensions of temperament can be computed: (1) surgency/extraversion -computed from the mean scores of approach, vocal reactivity, high intensity pleasure, smiling and laughter, activity level and perceptual sensitivity; (2) negative affectivity -computed from the mean scores of distress to limitation, fear and falling reactivity; (3) orienting/regulation -computed from the mean scores of low-intensity pleasure, cuddliness, duration of orienting and soothability.
Temperament is influenced by the life contexts and cross-cultural comparisons are only possible using the same instrument; thus, the importance of the validation of this instrument for different cultures is unquestionable. Several studies on the adaptation of the IBQ-R to different cultures/countries were conducted through the study of the internal consistency (González Salinas, Hidalgo Montesinos, Carranza Carnicero, & Ato García, 2000), exploratory factor analysis (Ortega Samohano, Huitrón Vázquez, Osorio Guzmán, & Bazán Riverón, 2011), test-retest and inter-observer reliability (Lamb, Frodi, Hwang, & Frodi, 1983) and confirmatory factor analysis (Dragan, Kmita, & Fronczyk, 2011; Enlow, White, Hails, Cabrera, & Wright, 2016) . The aim of this study is to examine the psychometric properties of the IBQ-R and the adequacy of previously published models of the IBQ-R structure to the Portuguese data, using confirmatory factorial analysis.
Method

Sample
The sample is composed of 330 mothers and 81 fathers of infants aged between 3 and 12 months (213 mothers and 39 fathers of a 3 to 6 months-old child; 52 mothers and 13 fathers of a 6 months+1 day to 9 months-old infant; and 65 mothers and 29 fathers of a 9 months+1 day to 12 months-old infant). The exclusion criteria are the inability to read or write Portuguese and fetal congenital problems. The research objectives and procedures were explained to eligible parents. Information about the study objectives, methods and procedures was provided to parents. Participants were informed of their rights, namely to give up at any moment, confidentiality and use of data for research purposes only. An informed consent was provided, and after it was signed, data from the first assessment moment was collected. Table 1 provides information on sociodemographic and medical data.
Procedures
This research was conducted in a primary care centre and in several paediatricians' offices from two cities in Portugal, Porto and Braga. A total of 678 parents were approach to participate in the study; 48 refused to participate, 630 questionnaires were provided and parents were asked to complet them while waiting for the clinical consultation. Of the questionnaires, 526 (83.5%) were returned and 458 (72.7%) were fully completed. Of these, 47 concerned premature infants and were excluded from the statistical analysis. The Infant Behavior Questionnaire -Revised (IBQ-R, Gartstein & Rothbart, 2003) is a revised version of the IBQ (Rothbart, 1981) and was designed to measure temperament in infants aged between 3 and 12 months. The Portuguese version was obtained after translation and back-translation and was used in this study. The translation from English to Portuguese was conducted by a Portuguese native speaker psychologist and the back-translation was conducted by an English native speaker psychologist blind to the original version. The final translated version was compared to the original version and incongruences were analysed and discussed to reach a final version.
The IBQ-R is composed of 191 items scored on a seven-point Likert scale and assesses the following 14 dimensions of temperament. (1) Activity level: movement of arms and legs, squirming and locomotor activity. (2) Distress to limitations: baby's fussing, crying or showing distress. (3) Approach: rapid approach, excitement and positive anticipation of pleasurable activities. (4) Fear: the baby's startle or distress to sudden changes in stimulation, novel physical objects or social stimuli; inhibited approach to novelty. (5) Duration of orienting: the baby's attention to and/or interaction with a single object for extended periods of time. (6) Smiling and laughter: smiling or laughter from the child in general caretaking and play situations. (7) Vocal reactivity: amount of vocalisation exhibited by the baby in daily activities. (8) Sadness: general low mood; lowered mood and activity specifically related to personal suffering, physical state, object loss, or inability to perform a desired action. (9) Perceptual sensitivity: amount of detection of slight, low-intensity stimuli from the external environment. (10) High-intensity pleasure: amount of pleasure or enjoyment related to high stimulus intensity, rate, complexity, novelty and incongruity. (11) Low-intensity pleasure: amount of pleasure or enjoyment related to situations involving low stimulus intensity, rate, complexity, novelty, and incongruity. (12) Cuddliness: the baby's expression of enjoyment and moulding of the body to being held by a caregiver. (13) Soothability: baby's reduction of fussing, crying, or distress when the caretaker uses soothing techniques. (14) Falling reactivity/rate of recovery from distress: rate of recovery from peak distress, excitement, or general arousal; ease of falling asleep. These dimensions were originally grouped in three factors using exploratory factor analysis (Gartstein & Rothbart, 2003) : (1) Surgency/Extraversion, consisting of the scales Approach, Vocal reactivity, High-intensity pleasure, Smiling and laughter, Activity level and Perceptual sensitivity; (2) Negative Affectivity, consisting of the scales Sadness, Distress to limitations, Fear, and Falling reactivity/rate of recovery from distress; and (3) Orienting/ Regulation, consisting of the scales Low-intensity pleasure, Cuddliness, Duration of orienting and Soothability (Gartstein & Rothbart, 2003) .
Data analysis
Confirmatory factor analysis (CFA) was conducted in order to test the goodness-of-fit of previously published adequate models of the IBQ-R structure in different cultures (Dragan et al., 2011; Enlow et al., 2016; Gartstein & Rothbart, 2003) to the Portuguese data. Not all scales normality was verified, maximum likelihood estimation with robust standard errors was utilised when conducting the factor analyses. Several measures of fit were considered as recommended by Sharma, Mukherjee, Kumar, and Dillon (2005) : Chi-square, the Tucker-Lewis Index (TLI), the Comparative Fit Index (CFI) and the root mean square error of approximation (RMSEA). For the TLI and CFI, values of 1 will be interpreted as indicating perfect fit, and the cut-off value of 0.90 will be considered as an adequate fit, as recommended by Bentler and Bonett (1980) . For the RMSEA, values of 0.05 or less will be interpreted as indicating a close fit, values of 0.08 or less as indicating a reasonable fit and values over 0.1 as indicating unacceptable fit (Browne & Cudeck, 1993) . This analysis was conducted using structural equation modelling (SEM) software: AMOS 17 (Arbuckle, 2008) . The internal consistency of the factors in the model with an adequate fit was assessed through item-total correlation, average inter-item correlation and Cronbach's alpha coefficients. Nunnally and Bernstein (1994) suggest that good internal consistency is indicated when Cronbach's alpha is over .70 and mean inter-item correlations exceed .15. Field (2005) also argues that item-total correlation should be over .30.
Results
Confirmatory factorial analysis
The CFA conducted to study the goodness-of-fit of the original IBQ-R structure (Gartstein & Rothbart, 2003) to the Portuguese data indicates a non-adequate fit: χ 2 (74) = 288.48, p < .001; TLI = .74; CFI = .79; RMSEA = .136. The CFA conducted to study the goodness-of-fit of the original IBQ-R structure without cuddliness to the Portuguese data did not improve the model fit: χ 2 (62) = 251.22, p < .001; TLI = .74; CFI = .80; RMSEA = .139. The CFA conducted to study the goodness-of-fit of the IBQ-R structure for a Californian sample to the Portuguese data indicates non-adequate fit: χ 2 (58) = 223.06, p < .001; TLI = .76; CFI = .82; RMSEA = .135. The CFA statistics conducted to study the goodness-of-fit of the IBQ-R structure for a Russian sample to the Portuguese data indicate an improved model fit: χ 2 (43) = 93.89, p < .001; TLI = .90; CFI = .93; RMSEA = .087. The CFA statistics conducted to study the goodness-of-fit of the IBQ-R structure for a combined US sample to the Portuguese data indicate a reasonably adequate fit: χ 2 (42) = 81.70, p < .001; TLI = .92; CFI = .95; RMSEA = .078. The CFA statistics conducted to study the goodness-of-fit of the IBQ-R structure for the polish sample (Dragan et al., 2011, p. 546) to the Portuguese data indicate a non-adequate fit: χ 2 (67) = 190.13, p < .001; TLI = .84; CFI = .88; RMSEA = .108. Lastly, the CFA statistics conducted to study the goodness-of-fit of the IBQ-R structure for a US sample (Enlow et al., 2016) to the Portuguese data indicate a non-adequate fit: χ 2 (37) = 125.35, p < .001; TLI = .83; CFI = .88; RMSEA = .123.
Psychometric properties
The IBQ-R structure in this adequate model for the Portuguese sample is the model also found to be suitable for a combined US sample. It excludes two scales -cuddliness and high-intensity pleasure -and is composed of (1) Surgency/Extraversion including Vocal reactivity, Perceptual sensitivity, Approach, Activity level, Smiling and laughter, with secondary loadings on Fear and Falling reactivity; (2) Negative Affectivity including Fear, Distress to limitation, Falling reactivity and Sadness with secondary loadings on Duration of orienting, Perceptual sensitivity, Approach, Activity level and Smiling and laughter; and (3) Orienting Regulation including Duration of orienting, Soothability and Low-intensity pleasure. Attending to the adequate fit of this model, the alpha of Cronbach for all IBQ-R dimensions was computed. Average item correlation, item-total correlation and alpha if item deleted are presented in Table 2 .
Internal consistency of the IBQ-R scales
The alpha of Cronbach for all IBQ-R scales was computed and values over .70 were observed for all scales: Activity level (α = .78), Distress to limitation (α = .73), Fear (α = .93), Duration of orienting (α = .88), Smiling and laughter (α = .80), Low-intensity pleasure (α = .87), Soothability (α = .93), Falling reactivity (α = .71), Perceptual sensitivity (α = .87), Sadness (α = .85), Approach (α = .85) and Vocal reactivity (α = .72). Monomethod discriminant validity was examined through the correlation between scales. Nonetheless, Distress to limitation scale was not significantly correlated to three scales (Duration orienting, Smiling and laughter, and Low-intensity pleasure), while Activity level scale is not related to two scales (Soothability and Falling reactivity), the Falling reactivity was not correlated with two scales (Activity level and Fear) and the Smiling and laughter scale was not correlated to one scale (Sadness) (see Table 3 ).
Discussion
The CFA revealed that the original structure of the IBQ-R is not adequate for the Portuguese data. Other previously published structures also showed a non-adequate fit to the Portuguese data (Dragan et al., 2011; Enlow et al., 2016) . Nevertheless, the fit of the IBQ-R structure for a combined US sample, was adequate for the Portuguese sample. Overall, the structure of the IBQ-R in this model is quite similar to the original structure (Gartstein & Rothbart, 2003) , strengthening the concept developed by the authors of the questionnaire. Comparing against the original IBQ-R structure, in this IBQ-R model: (1) the High-intensity pleasure scale in the Surgency/Extraversion dimension was excluded, with the other five scales remaining the same -Vocal reactivity, Perceptual sensitivity, Approach, Activity level, Smiling and laughter -additionally, there are secondary loadings on Fear and Falling reactivity;
(2) the Negative Affectivity dimension remains with the four scales -Fear, Distress to limitation, Falling reactivity, sadness -with secondary loadings on Duration of orienting, Perceptual sensitivity, Approach, Activity level and Smiling and laughter; and (3) the Cuddliness in the Orienting Regulation dimension was excluded, with the other three scales remaining the same -Duration of orienting, Soothability and Low-intensity pleasure. Additionally, a covariance between Falling reactivity and both Approach and Soothability indicates higher association of these temperament domains in the Portuguese sample. In general, the dimensions in this structure include the exact same scales from the IBQ-R original structure with the exclusion of High-intensity pleasure and Cuddliness, which means that, in the Portuguese sample, these scales seem to be less reliable in the assessment of temperament. High-intensity pleasure refers to the 'pleasure or enjoyment related to high stimulus intensity, rate, complexity, novelty, and incongruity' and cuddliness refers to the 'expression of enjoyment and moulding of the body to being held by a caregiver' (Gartstein & Rothbart, 2003, p. 72) and there have been reports of differences between cultures in the way some of these temperament features are manifested in different cultures (Gartstein, Bogale, & Meehan, 2016) . Very recently, Enlow et al. (2016) also found cuddliness to have low factor loadings and excluded this scale for a better fit model. On the other hand, the secondary loadings of Fear and Falling reactivity on the Surgency/Extraversion dimension as well as of Duration of orienting, Perceptual sensitivity, Approach, Activity level and Smiling and laughter on the Negative Affectivity dimension indicate a pronounced association between this temperament dimension in the Portuguese sample. These differences in Portuguese children's temperament might be the result of a different approach to early care in Portugal. In fact, several studies have reported cultural differences in temperament (Gartstein, Slobodskaya, & Kinsht, 2003) , which supports the association of parenting practices and the manifestation of temperament features. In our study, the scales' internal consistency ranged from .71 to .93; in other studies there is also some variability: in Finland from .74 to .93 (Gaias et al., 2012) , in Italy from .73 to .92 (Montirosso, Cozzi, Putnam, Gartstein, & Borgatti, 2011) , in Japan from .61 to .92 (Nakagawa & Sukigara, 2005) , in Russia from .75 to .92 , in the UK from .75 to .91 (de Lauzon-Guillain et al., 2012) and in the USA from .77 to .89 (Gartstein & Rothbart, 2003) . The scales with lower internal consistency, with Conbach's alphas under .80, were Activity level, Falling reactivity, Vocal reactivity and Distress to limitation, similar to what was found in other studies (e.g. Dragan et al., 2011) , while those with higher internal consistency with Cronbach's alphas above .90 were Soothability and Fear. In the original study of the IBQ-R questionnaire, Cronbach's alphas under .80 were also found for Falling reactivity in children aged 6-9 months; in Vocal reactivity in children aged 6-12 months, but not for Distress to limitation; Fear was also one of the scales with a higher Cronbach alpha in the original study (Gartstein & Rothbart, 2003) and in other studies, namely some with samples from different cultures (Dragan et al., 2011) . In this study the Cronbach's alpha of the Surgency/Extraversion is over .70, but the Negative Affectivity is under the recommended .70 and the Orienting/ Regulation dimensions is slightly under the recommended .70 (Field, 2005) . Nonetheless, Kline (1999) claims that when dealing with psychological constructs, values below .70 can be expected. In other studies, Cronbach's alphas lower than .70 were also reported for the Orienting/Regulation dimension (de Lauzon-Guillain et al., 2012) . This study has several limitations including the sample size and lack of other infant developmental measures; a large sample size would have increased the power of the results and other infant developmental measures would allow examining concurrent and predictive validity. Nonetheless, it provides data that indicate that the IBQ-R is a reliable documentation of infant temperament in the Portuguese culture, as it was found to be in other cultures (Dragan et al., 2011; González Salinas et al., 2000; Lamb et al., 1983; Ortega Samohano et al., 2011) . The identification of specific aspects of infant temperament is essential not only for research but also for clinical practice. For researchers, the discrimination of specific aspects of temperament is important because it enables examination of the association with infant development outcomes. For clinicians, it is important for the design of specific early intervention.
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